Introduction
The electro-optical Kerr effect [1] , which depends both on polarity and polarizability of the molecules, has been demonstrated to be very sensitive technique for studying the molecular anisotropy and intermolecular ordering in liquid crystals [2] . This effect is strongly related both to the chemical structure of a molecule and to intermolecular interactions. Also the third order nonlinear susceptibility, which is an important material parameter, can be obtained using the Kerr effect measurements [3] .
The physical properties of nematic mixture liquid crystals have received much attention [4] [5] [6] . This interest is due to their desirable liquid crystalline range, optical and electro-optical properties. The physical properties of a nematic mixture depend on those of the components used and their relative concentrations. The electro-optical effect may be used to study pre-transitional behaviour, related to order parameter fluctuations, in the isotropic phase of such systems. In the pre-transition region, the short-range order leads to pseudo-nematic domains of highly correlated molecules in the isotropic phase. Measurements of the temperature dependence of electric Kerr effect in the isotropic phase of a lot of nematic liquid crystals has been studied by a number of groups [7] [8] [9] [10] .
The investigation reported here is concerned with the determination of the Kerr constant and the third order non-linearity of mixtures of 6CHBT and 6BOBT in the isotropic state. The effect of temperature on these systems has also been studied. 6CHBT and 6BOBT have similar molecular structure. The obvious differences between these two compounds are that the latter has much bulkier ring system (Fig. 1) . The structure of both the compounds consists of a polar head group (-NCS) and a hexyl end group (-C 6 H 13 ) and their molecular structure are approximately rod-like. However, the presence of a bulky bicyclooctane ring leads to a decrease in conjugation length.
Theory
The birefringence or double refraction of a medium is defined as the difference between the refractive indices for the light polarized parallel n || and perpendicular n^to the orienting field direction, and is related to optical retardation or the optical phase difference d
where l is the wavelength of the light, l is the optical path length, and B is called the "Kerr constant" of the substance and it is used to denote the magnitude of the Kerr effect [1] .
The electrically induced birefringence Dn may also be conveniently defined by (Kerr law)
For the nulled intensity method of a measuring Kerr effect, which involves the nulling of an optical response re- sulting from the application of external electric field across the Kerr cell, the rotation of the plane of polarization a is related to the phase difference d by
Eliminating d from Eqs. (3) and (4) and rearranging gives
If the Kerr law is observed, a plot of a versus the square of the applied electric field E 2 also should give a straight line graph passing through the origin with a gradient of pLB 2, from which the Kerr constant B may be determined. The Kerr constant can be related to the third order non-linear susceptibility tensor c ( ) 3 in an isotropic media which is an important material parameter, using the following formula [11] B n = 24
The theory of Landau-De Gennes [12] has been used to describe the pre-transitional behaviour in the isotropic phase of liquid crystals. According to this model, the Kerr constant in the isotropic phase is given by
where a is the temperature independent coefficient, T* is the second-order pre-transitional temperature which is an extrapolated temperature just below the isotropic-nematic phase transition, De o is the low frequency dielectric anisotropy in the completely ordered phase. From the above equation, there is a reciprocal relationship between the Kerr constant B, and the temperature, i.e., Dn T T µ -
Experimental procedure
All measurements of the Kerr constant were made using the nulled intensity method [13] , which involves the nulling of an optical response resulting from the application of a short duration rectangular shaped electric field across the Kerr cell.
Materials
The liquid crystalline materials (6CHBT and 6BOBT) were synthesized at the Institute of Chemistry of the Military University of Technology, Warsaw, Poland. The chemical structure of these compounds is shown in Fig 1. Some nematic mixtures were prepared for this study. The clearing points or nematic to isotropic transition temperatures for these compounds were measured using DSC and polarizing microscopy methods.
Kerr effect apparatus
A diagram of the apparatus used to measure the electrically induced phase difference d is shown in Fig. 2 . A spectra physics He-Ne laser emitting at a wavelength of 632.8 nm with a power of 5 mW was used as a probe beam. For the electro-optical investigation in the isotropic phase, a sample holder similar to that described by O'Konski and Haltner [14] was constructed. The sample holder was a quartz spectrophotometer cell with a path length of 10 mm. The stainless steel electrodes were inserted into the Kerr cell, leaving an active column of liquid 2×2×10 mm. A teflon spacer was used to provide insulation between the electrodes and to maintain an electrode gap of 2 mm. The lower part of the Kerr cell is fitted into a thermostated metal jacket, which was cut away to allow passage of the light beam. The temperatures were determined with a copper constantan thermocouple.
The detection of the Kerr signal was achieved using a photomultiplier tube, type E.M.I. 9816B. The optical signal from the photomultiplier was displayed using a digital storage oscilloscope and a pc computer. The polarizer and analyzer were Glan-Thompson double refraction type prisms of commercial origin and adjusted such that they crossed each other and making an angle of 45°with respect to the applied ac field (1 kHz). The quarter wave plate used in these experiments was mica cut specifically for the use at 632.8 nm and mounted between glass discs. The electric field is generated by means of a high-voltage power supply that was applied, as a short duration rectangular shaped pulse from a pulse generator, to the electrodes of the Kerr cell.
Results and discussion
The nematic to isotropic transition temperatures of 6CHBT, 6BOBT and their nematic mixtures were measured using DSC method and are given in Table 1 . As it can be seen from Fig. 3 , the nematic mixture of M 3 (20% 6CHBT: 80% 6BOBT) shows the largest nematic range.
The values of the Kerr constants B of the nematic mixtures M 1 (40% 6CHBT: 60% 6BOBT), M 2 (30% 6CHBT: 70% 6BOBT) and M 3 (20% 6CHBT: 80% 6BOBT) at the above transition temperatures were obtained from the gradient of a graph of the induced birefringence Dn, plotted against the square of applied electric field (i.e., Dn = lBE 2 ). In the samples examined, the electrically induced birefringence was found to be directly proportional to the square of the applied electric field E 2 and is positive in the all cases (Dn > 0). The dependence of the Kerr constant B, with temperature for the 6BOBT and for the nematic mixtures (M 1 , M 2 , and M 3 ), in the isotropic phase is shown in Fig. 4 . For a comparison, the Kerr constants and the third order nonlinear susceptibility data of the 6CHBT, 6BOBT and M 3 measured at different temperatures in the isotropic phase are summarized in Table 2 . As it is expected, this data show that the birefringence depends strongly on temperature and those of the components used and their relative concentrations. The birefringence increases with decreasing temperature as the nematic transition temperature is approached. The pre-transitional Kerr effect is exhibited by liquid crystal materials that are in their isotropic phase at a temperature that is close to the nematic-isotropic transition temperature.
The theory of Landau-de Gennes [12] has been used to describe the pre-transitional behaviour in the isotropic phase of liquid crystals. This theory is essentially based on the assumption that short-range forces predominate in the region of the nematic-isotropic transition. According to this model, the birefrengence Dn in the isotropic phase is given by
where T* is the second-order pre-transitional temperature, which is an extrapolated temperature just below the isotropic-nematic phase transition, and can be obtained by a linear extrapolation of the Kerr constant B -1 vs. temperature. is the numerical factor that equals unity in a Maier-Saupe theory.
In Fig. 5 , the reciprocal of the Kerr constant B -1 , for the compounds is shown and compared as a function of temperature. For the samples studied, the inverse of the Kerr constant varies linearly with temperature, i.e., g @ 1, as predicted by the Maier-Saupe mean-field theory for liquid crystals [15] , and this aspect is clearly independent of the nature of the electric field used to measure the Kerr constant. The extrapolated temperatures T* for these liquid crystals are just below the isotropic phase transitions T C (i.e., approx. 1.2-1.4°C).
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Conclusions
The temperature dependence of the Kerr constant was obtained for 6CHBT, 6BOBT and their nematic mixtures at the temperatures greater than the nematic-isotropic transition temperature. All the samples had a positive Kerr constant which increased with decreasing of temperature. The second-order phase-transition temperatures T* were also determined for these compounds. The experimental results show a significant variation in the magnitude of the Kerr constant and susceptibility between these liquid crystals. For the samples studied, the dependence of the Kerr constant on (T-T*) -1 is found to be in good agreement with the prediction of the Landau-de Gennes model.
